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The invention relates to a planar antenna according to 
the features of the preamble of claim 1 • 

Planar antennas are known in the art. On top of their 
inherent interesting characteristics of size, cost and 
radiation performances, these antennas are generally 
used in all possible cases when an antenna radiation 
pattern change is required. Often a switching between 
two distinct configurations of the planar antenna is 
required. If used as detection antenna, these configu- 
rations correspond to two detection or radiation pat- 
tern widths. In order to provide different detection or 
radiation patterns, it is well known in the art to use 
two or more antennas . Other techniques consist of 
changing the detection or radiation pattern of the an- 
tenna by the use of absorbing material or metallic sur- 
rounding configurations. However, all of these tech- 
niques are based on a mechanical modifications of the 
antenna . 

US 6,175,723 relates to a self structuring antenna sys- 
tem which comprises a switchable antenna array as pla- 
nar antenna. The antenna array is defined by a plural- 
ity of antenna elements that are selectively electri- 
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cally connectable to each other by a series of 
switches. This allows the alteration of the physical 
shape of the antenna array without actually moving or 
mechanically changing the antenna- By changing the 
5 physical shape, the radiation pattern or lobe of the 
antenna can be altered. Furthermore, the shape of the 
antenna can be adapted to changing electrical and/or 
physical environments in order to achieve a good an- 
tenna performance. However, the switches are relays, 
10 either solid-state, mechanical or opto-electronic, gen- 
erally mounted behind the antenna itself- Such switches 
are expensive and difficult to process. Therefore, this 
antenna structure is too expensive for cost -sensitive 
applications - 

15 

A typical cost-sensitive application for a planar an- 
tenna is an automatic door opener. Automatic door open- 
ers use door opener sensors which are usually made of 
waveguide transceivers. The output of the waveguide 
20 transceiver is a waveguide flange. However, it is very 
difficult and expensive to design a switch for differ- 
ent antennas which can be used in waveguide technology. 

Therefore, it is an object of the invention to provide 
25 a planar antenna which can be produced at low costs 

and, therefore, can be used advantageously in low-cost 
applications, particularly in door opener sensors. 

The planar antenna according to the invention is char- 
30 acterized by what is specified in the independent claim 
1 - 
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Advantageous embodiments of the invention are specified 
in the dependent claims . 

A further object of the invention is to use such a pla- 
5 nar antenna as part of a device performing a parallel 
traffic rejection algorithm which processes the infor- 
mation received from the planar antenna in such a way 
that at least two different lobes of the planar antenna 
are analyzed in order to calculate the direction of a 
10 pedestrian moving in or near to the area covered by a 
Door opener sensor 

An inventive planar antenna comprises the following 
elements : 

15 - a plurality of antenna elements positioned relative 
to each other in a predetermined orientation; each 
of the plurality of antenna elements being selec- 
tively electrically connectable to one or more of 
the other antenna elements; 

20 - a plurality of switches which electrically connect 
the plurality of antenna elements so that closing 
one of the switches causes at least two antenna 
elements to be electrically connected, 
an antenna array which is defined by the plurality 

25 of switches in combination with the plurality of 

antenna elements; 

the antenna elements are positioned on a planar 
substrate in such a way that at least two different 
lobes of the antenna can be provided by activating 
3 0 different antenna elements by means of the switches 

located on the antenna substrate itself. 
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According to the invention a planar antenna has been 
designed which can be used in direct coupling to a 
waveguide output. This antenna is made of a substrate, 
particularly a microwave substrate, which comprises an- 
5 tenna elements. The antenna elements can comprise 

patches on the substrate. In a preferred embodiment the 
patches are etched on the microwave substrate. Accord- 
ing to the invention, it is preferred to generate a 
switching function on the planar substrate itself than 
10 in the waveguide. The inventive antenna can be produced 
at low costs, particularly using microelectronic pro- 
duction techniques which are widely used and cheap. 

The patches can comprise a central patch which performs 
15 a coupling function to a microwave circuitry, such as a 
waveguide, a coaxial probe, a hole or a slot coupling. 
Other types of microwave circuits with a connection via 
hole, coaxial probe, etc. are useable. All other 
patches should have a length which is optimized to make 

2 0 the respective patch resonate at a central frequency 

and a width which is adjusted to the impedance and ra- 
diation power of the antenna. 

Preferably, a waveguide is provided for coupling to the 
25 planar antenna. The waveguide can comprise a transition 
to the planar antenna which is terminated by a 
v/aveguide flange. In a preferred embodiment, the tran- 
sition comprises a "Doggy bone" filter which reduces 
spurious radiation at harmonic frequencies. The dis- 

3 0 tance between the "Doggy bone" filter and the plane of 

the planar antenna should be at least about half a 
waveguide length when the waveguide is mounted on the 
surface of the planar antenna to .achieve good filtering 
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performance. In order to ensure a constant electromag- 
netic field on its rear aperture and to provide imped- 
ance matching, the waveguide can be enlarged in its 
larger dimension. Finally, the waveguide can comprise a 
5 rectangular aperture which is designed to provide 

enough energy to the central patch and to ensure a good 
matching between the waveguide and the planar antenna. 

In order to avoid microwave leakage through the antenna 
control lines and ensure a total isolation of the pla- 
nar antenna from the rest of the antenna control cir- 
cuitry, a part of the control lines and the connection 
pads for applying DC current to the switches should be 
covered by a material absorbing microwaves . 

According to the invention, PIN diodes are preferred as 
switches. The feeding of the PIN diodes and their in- 
sertion inside the antenna layout requires taking into 
account that these extra components should not modify 
or perturb the radiation characteristics of the an- 
tenna. According to the invention, the path used by the 
DC current to polarize the PIN diodes has been designed 
to have no influence on the antenna radiation pattern. 
In this context, the location of the connection of the 
line for feeding a PIN diode on the patch on which the 
PIN diode is mounted is of primary importance. 

In a further aspect, the invention provides a circuitry 
for controlling the planar antenna by obtaining at 
3 0 least one Doppler Signal Sample from at least one meas- 
urement device working with at least one lobe of the 
planar antenna, processing the obtained Doppler Signals 
according to an algorithm and performing a high-speed 
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switching between the configurations of the planar an- 
tenna in accordance to the algorithm. 

The circuitry preferably comprises sample and hold cir- 
5 cuits for sampling the obtained Doppler Signals. The 
sample and hold circuits can be synchronized with the 
high-speed switching. Advantageously, the circuitry can 
comprise a digital signal processor for processing the 
at least one Doppler Signal. In a preferred embodiment, 

10 the digital signal processor processes two Doppler sig- 
nals obtained from two measurement devices, preferably 
Schottky diodes positioned in a transceiver of the an- 
tenna, and corresponding to two different lobes of the 
planar antenna and calculates from the Doppler signals 

15 an intermediate lobe by weighting the Doppler signals. 
The circuitry can also comprise an oscillator which 
produces a sampling frequency signal with an accuracy 
suitable for sampling. In cases of the use of a high 
stability frequency source, the circuitry can be formed 

2 0 to perform weigfhting of the two lobes by pulse width 

modulation of the antenna control signal. The weighting 
between "the - twoyantenna lobesN^would be achieved by the 
meaning action of the amplifier low pass filter. Then, 
at least one detection chain would be sufficient to re- 

25 trieve the weighted Doppler signal. 

The preferred field of application of the planar an- 
tenna are Door opener applications. Advantageously the 
antenna is used in a Door opener sensor . 

30 

Such a Door opener sensor can perform a parallel traf- 
fic rejection algorithm which processes the information 
-received from the planar antenna in such a way that at 
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least two different lobes of the planar antenna are 
analyzed in order to calculate the direction of a pe- 
destrian moving in or near to the area covered by the 
Door opener sensor. In contrast to knovm Door opener 
5 sensors, traffic in front of a door can be detected 

more securely in that a door controlled by the sensor 
only opens when a person intends to enter the door, 
i.e., the person walks in a certain direction which 
falls within a detection area of the sensor. 

10 

Additional objects, advantages, and features of the 
present invention will become apparent from the follow- 
ing description taken in conjunction with the accompa- 
nying drawings . 

15 

Fig. 1 shows an embodiment of a waveguide antenna 
holder; 



•0 



Fig. 2 shows an embodiment of the layout of the pla- 
2 0 nar antenna; 

Fig. 3 shows the DC-current path of the antenna of 
Fig. 2; 

2 5 Fig. 4 shows the placement of absorbing material on 

the antenna of Fig . 2 ; 

Fig. 5 shows a diagram with the two possible hori- 
zontal radiation pattern of the antenna of 

3 0 Fig. 2; 
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Fig. 6 



shows a diagram with the typical vertical ra- 
diation pattern in both configurations of the 
antenna of Fig. 2; 



Fig. 7 



shows an embodiment of an IF processing cir- 
cuit for use with the antenna of Fig. 2; and 



Fig. 8 



shows the application of the invention in an 
automatic door opener. 



The entire antenna is composed of an assembly of a 
waveguide 10 and a planar circuit antenna 30. 

Fig. 1 shows the waveguide 10. A waveguide flange 16 
terminates a transceiver and a waveguide transition 
section 18 is designed to be compatible with the trans- 
ceiver output. Inside the waveguide transition section 
18, a "Doggy Bone" filter 20 is used to reduce the 
level of spurious radiation at harmonic frequencies. 
Reference numeral 12 denotes a top view and 14 a side 
view of the waveguide 10. 

After the filter 20, a waveguide length is used to keep 
a required distance between the filter 2 0 and the an- 
tenna plane so that the electromagnetic fields inside 
are npt perturbed by the proximity of the two entities. 
Furthermore, the waveguide 10 is enlarged in its larger 
dimension to ensure a constant electromagnetic field on 
the antenna rear aperture (minimizing the E- field co- 
sine variation inside the waveguide) and provide imped- 
ance matching. 
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The planar antenna 3j0^ shown in Fig. 2, is placed at 
the extremity of the waveguide length and the electro- 
magnetic fields are coupled from the waveguide to the 
antenna by means of a rectangular aperture. This aper- 
5 ture is designed to provide enough energy to a central 
patch 50 of the substrate 31 of the planar antenna 30. 
Furthermore, it ensures a good match. After coupling 
the energy of the electromagnetic radiation to the cen- 
tral patch 50, it is also distributed to other patches 
10 34, 36, 38, 40, 42, 44, 46, 48 by use of microstrip 

lines 58, 60, 62, The particularities of the coupling 
' lines are explained below. 

The antenna structure is composed of three lines 33, 
15 49, and 41 of three patches each. The left line 33 com- 
prises patches 34, 36, 38, the right line 41 patches 
42, 44, 46, and the central line 49 patches 40, 48, 50. 
Each line 33, 41, 49 forms an antenna element. In each 
line, the patches are electrically connected to each 
20 other by the mentioned microstrip lines 58, 60, and 62 
respectively. Therefore, three antenna elements are 
formed on the planar antenna 30. 

O 

The shape of the central patch 50 differs from the 
25 shapes of the other patches 34, 36, 38, 40, 42, 44, 46, 
and 48, due to its coupling function with the waveguide 
10. The other patches 34, 36, 38, 40, 42, 44, 46, and 
48 are patches which have a length optimized to make 
each patch resonate at the central frequency of the an- 
30 tenna. The width of the patches 34, 36, 38, 40, 42, 44, 
46, and 48 is used to adjust the impedance and radia- 
tion power of the antenna. This technique is also ap- 
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plicable to larger size antenna, particularly antennas 
with larger dimensioned patches and/or more patches. 

As already mentioned, the antenna is composed of three 
5 antenna elements or lines respectively of three patches 
each. Inside each line, the coupling is ensured by two 
(microstrip) lines 58, 60 connected on each side of the 
central patch 50 and feeding the edge patches 34, 36, 
38, 40, 42, 44, 46, and 48. The length of each of these 
10 lines 58, 60 is designed so that the patches 34, 36, 
38, 40, 42, 44, 46, and 48 are all radiating in phase 
along the line. 

The two lateral lines 5 8 and 60 are then linked to the 
15 central line 62 by horizontal coupling lines 61, 63, 

which have been designed to feed the lateral lines 58, 
60 in phase and to save symmetry along the structure of 
the antenna 30. This gives the "S" shaped coupling 
around the central patch 50. Some matching and relative 
20 power adjustment can be provided by the change of mi- 
crostrip impedance resulting from the change in line 
width. This is useful to adjust the antenna horizontal 
radiation pattern and to optimize the return loss of 
the entire assembly. 

25 

Through all the lines, the power generated by the 
waveguide 10 on the central patch 50 is distributed to 
all the antenna elements 33, 41, 49 with the required 
proportion - 

30 

Particularly, in Door Opener applications, it is an ad- 
vantage to have two types of antenna patterns: a large 
horizontal lobe and a narrow one. 5ince each lobe cor- 



51.344 EP BO/mg ^ 19.10-2001 




- 11 - 



responds to an antenna, two different antennas are re- 
quired. Both antennas should have the same vertical ra- 
diation pattern. To achieve this, it is necessary to 
use switch elements to switch between the two configu- 
5 rations. 

The switching is performed by PIN diodes 56 and SI, 
which are mounted on the horizontal coupling lines 63 
and 61 respectively. These diodes 56 and 57 act as ac- 
10 tive switches with which the patches 34,. 36, 38, and 
42, 44, 46 can be connected with or disconnected from 
the central patch 50. This allows the control of the 
flow of microwave power to the lateral patches 34, 36, 
38, and 42, 44, 46. 

15 

The PIN-diodes 56 and 57 have the property to provide a 
low series resistance in "ON" state and a low capaci- 
tance in "OFF" state. Therefore, they are preferred 
elements in order to provide good switching performance 

2 0 without complicated matching circuitry around the PIN- 

diodes . 

When the PIN-diodes are in "ON" state, the two lateral 
patch lines 3 3 and 41 are fed and the antenna behaves 
25 like a 3 x 3 patches antenna giving a narrow lobe in 
the horizontal plane. This configuration is used for 
narrow lobe applications . 

When the diodes are in "OFF" state, the two lateral 

3 0 patch lines 33 and 41 are disconnected from the central 

patch line 49. The horizontal coupling lines 56, 57 are 
disconnected* Therefore, the antenna comprises a single 
line patch antenna with patches 40, 48, 50 and a wide 
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radiation or reception pattern in the horizontal plane 
and a radiation or reception pattern similar to the 
pattern of a narrow lobe antenna in the vertical plane. 

The diodes 56 and 57 can be surface mount devices (SMD) 
having minimum package parasitic. The diodes 56 and 57 
can be mounted on the center of a matching pad where 
the microstrip width is larger. At this point, the 
level of impedance is rather low and the impedance of 
the diode in "OFF" state is sufficiently high to pro- 
vide good isolation. 

In order to switch correctly, there must be an appro- 
priate polarization applied to the diodes. To set the 
diodes in "ON" state, it is necessary to bias it with a 
current of approximately 10 mA. To set the diode in 
"OFF" state, a bias voltage of about 0 V is applied. 
However, it is required that the diodes 56 and 57 are 
not left floating for the "OFF" state. 

Therefore, the two diodes 56 and 57 are DC supplied in 
series. This has several advantages : 

If one of the diodes breaks, the current won't flow 
inside the second one and the antenna will come back 
to the most used larger lobe. 

Putting the two diodes in series reduces the amount 
of polarization lines and, therefore, the perturba- 
tions of the antenna radiation pattern generated by 
these lines. 
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- As the two diodes are polarized in series, essen- 
tially the same current flows through them. There- 
fore, a good match is achieved between the two sides 
of the antenna, which amends the symmetry of the 
5 lobe. 

As essentially the same current flows through the 
diodes, the current consumption is reduced to about 
1 time of the polarization current even if two di- 
10 odes are used. 

In the following, the optimal connection of the polari- 
zation lines to the side antennas is explained. In most 
of polarization circuits, it is very important to en- 

15 sure that no microwave signal is flowing through it, 
since there could be some side effects coming from 
non-linearity or perturbation mixing of the microwave 
signal inside the low frequency circuitry. It could 
then be a problem if this would cause either noise or 

20 Doppler like signal (any signal between 30 Hz and 400 

Hz) . Furthermore, if these lines pick up some microwave 
signal, they may cause the generation of antenna radia- 
tion pattern distortion. To avoid this, a special con- 
figuration of the antenna 30 has been used. 

25 

Electromagnetic simulations have shown that a resonant 
patch antenna has a maximum voltage at the edges and a 
minimum on the center of the lateral side. This is pre- 
cisely where a thin lijie is connected to provide the DC 
3 0 current to the diodes. Electromagnetic simulations have 
also shown that the rejection of Microwave power, using 
this strategy could reach up to 35 dB. Fig. 3 shows the 
DC-path of the antenna 30. DC-Current is applied by 
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means of connection-pads 52 and 54, which are connected 
by thin lines to the patches 34 and 46 respectively. 

In order to ensure a total isolation of the antenna 
5 from the rest of the radar circuit, additional precau- 
tions are required. This can be accomplished by the use 
of microwave absorbing material stuck on top of the po- 
larization lines. Fig. 4 indicates the absorbing mate- 
rial applied to the surface of the antenna. The shape 
10 • of the absorbing material is designed to stay on the 
antenna substrate . 

By electronically switching between the two antennas, 
it is now possible to have two different lobes 70, 72 

15 of the antenna according to the control voltage ap- 
plied. Fig. 5 shows two possible lobes 70 and 72 gener- 
ated by switching the configuration of the antenna. The 
lobes 70 and 72 relate to the horizontal distribution 
of the radiation patterns of the two configurations of 

20 the antenna. A mechanical change of the antenna is no 
longer required. A single antenna can simply provide 
different lobes by electronically switching. In the 
vertical plane, as all of the antenna elements 33, 41, 
49 are quite similar, the radiation pattern 80 is al- 

25 most the same independently of the antenna configura- 
tion, as shown in Fig. 6. Therefore, the vertical ra- 
. diation pattern 80 is nearly identical for both con- 
figurations of the planar antenna 30. 

3 0 The use of such an antenna has also the advantage to be 
readily compatible with existing low cost transceivers 
based on waveguide— technology . The assembly of such de- 
vices is less critical and the implementation is more 
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rugged than a full planar solution. A foam radome can 
be used to protect the diodes. 

The above described techniques are rather general and 
5 can be used in different situations where a variation 
of an antenna lobe is required. An electronic process- 
ing of the Doppler signal and control of the antenna 
allow a lot of different configurations. 

10 Electronic switching of the antenna opens the way to a 
control of the antenna by a processor and, by that 
mean, an adjustment of the radiation pattern by remote 
control . Not only it is possible to switch between the 
two extreme configurations, but also, through the use 

15 of an algorithm, it is possible to generate equivalent 
detection lobes being in between the two extremes. A 
weighting of the Doppler signal received in each con- 
figuration will be used to get all the intermediate 
states required. 

20 

Fig. 7 shows an circuitry for IF Processing connected 
to a microwave transceiver 106. The transceiver 106 
comprises a waveguide mounted on a planar antenna 30. 
The processing obtains the Doppler signals of two 

25 Schottky diodes 100 and 102 provided in the microwave 
transceiver 106 for each of the two antenna configura- 
tions. For that purpose, a signal received by the an- 
tenna 30 is sampled in each configuration of the an- 
tenna 30 and a high speed switching is done between the 

30 two configurations of the antenna 30. Sample and hold 
circuits 114, 116, 118, and 120 are synchronized with 
the switching of the configurations of the antenna 3 0 
in order to switch the output signals of the Sample_and 
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hold circuits 114, 116, 118, and 120 on the correspond- 
ing channels. 

With such a circuit, it is possible to retrieve the 
5 Doppler signal of the two Schottky diodes 100 and 102 

for the two configurations of the antenna nearly simul- 
taneously and to send them to a processor for digital 
processing. If the processor takes only into account 
the signal coming from a single antenna configuration, 
10 a sensor will have the detection pattern of the antenna 
switched to this position. However, if the two configu- 
rations are available simultaneously, it is possible to 
calculate any intermediate lobe, by weighting the Dop- 
pler signals. 

15 

In this technique, the sampling clock can be provided 
either by the processor or by an auxiliary oscillator 
108 whose frequency accuracy is not critical, provided 
it remains sufficiently high in order to provide good 
2 0 sampling. 

In case of a very high frequency stability microwave 
source, it is possible to use Pulse Width Modulation 
(PWN) for the sampling. In such a case, only one detec- 
25 tion chain would be enough to retrieve the signal. The 
duty cycle would make the selection between the lobes. 

Such an planar active antenna 30 used in an active an- 
tenna sensor delivers more information than a single 
30 antenna. The use of the extra information received from 
the planar active antenna 3 0 can lead to an effective 
pedestrian parallel traffic rejection algorithm used in 
door opener systems, as shown in Fig. 8, By observing 
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simultaneously the amplitude of the Doppler signal com- 
ing from the two antenna configurations of an active 
antenna sensor 152 mounted on top of a door 150, it is 
possible to determine from which side a pedestrian is 
5 coming . 

If the horizontal radiation patterns of the active an- 
tenna sensor 152 are carefully chosen one could then 
correlate the information generated by the same target 
10 in both antenna configurations in order to approximate 
the angle of the target trajectory compare to the axis 
of the sensor. 

If the target is coming in the axis of the sensor (di- 
15 rection A) the magnitude of the signals corresponding 

to the second configuration detection field 156 (narrow 
field) will be higher than the one corresponding to the 
first configuration detection field 154 (wide field) . 
On the opposite, if a target walks in a parallel way to 
20 the door's 150 header (direction B) the magnitude of 
the signals corresponding to the wide detection field 
will be higher than the one corresponding to the narrow 
field. If the magnitude ratio between the signals gen- 
erated with both antenna configurations are continu- 
25 ously computed, the angle of the target trajectory 

could then be evaluated. Furthermore, this information 
could then be compared to a specified level in order to 
discriminate targets walking in parallel to the door's 
150 header. 

30 

Above it was described embodiments of a planar antenna 
according to the invention. The invention does not re- 
strict the planar antenna designs to those described 
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above. Nor does the invention restrict in any way the 
materials used therein. Nor does the invention restrict 
in any way the coupling is made between the transceiver 
and the central patch. The inventional idea may be ap- 
plied in different ways within the scope defined by the 
independent claim 1. 
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waveguide 
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top view of waveguide 
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side view of waveguide 




16 


waveguide flange 
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transition section 
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filter 
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planar antenna circuit 
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central patch 
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connection pad 


25 


54 


connection pad 
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PIN diode 
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PIN diode 
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micros trip line 
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microstrip line 
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coupling line 
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microstrip line 
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coupling line 
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70 lobe 

72 lobe 

80 radiation pattern 

100 Schottky diode 

5 102 Schottky diode 

106 transceiver 

108 oscillator 

114 circuit 

116 circuit 

10 118 circuit 

120 circuit 

150 door 

152 sensor 

154 detection field 

15 156 detection field 
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